Purpose: To estimate desflurane concentration on the isoflurane channel in an optical infrared analyzer using a simple regression equation. Methods: Desflurane in concentrations of 0% to 3 96 in 0.5% increments and 3% to 12% in I% increments in 2 L'min -I oxygen was delivered simultaneously to an Ohmeda 5250 RGI desflurane channel, an Ohmeda 5250 RGM isoflurane channel, and a Datex Capnomac Ultima isoflurane channel at room temperature and atmospheric pressure. For each concentration increment, the displayed gas concentrations were recorded. By comparing the readings from the desflurane channel of Ohmeda RGM and the isoflurane channels from Ohmeda RGM and Datex Capnomac Ultima respectively, the linear regression relationship and the slope of the f~ed line (conversion factor) between two channels were obtained. Similar measurements were performed using 2 L'min -I mixture of nitrous oxide 50% and oxygen 50%. The measurements were repeated with different monitors three months later.
Estimation of desflurane concentration using isoflurane channel in optical infrared analyzer
Ban C.H.Tsui MSC MD, Donald T. Jolly MD FV.CP, Alexander S. Clanachan PhD* Purpose: To estimate desflurane concentration on the isoflurane channel in an optical infrared analyzer using a simple regression equation. Methods: Desflurane in concentrations of 0% to 3 96 in 0.5% increments and 3% to 12% in I% increments in 2 L'min -I oxygen was delivered simultaneously to an Ohmeda 5250 RGI desflurane channel, an Ohmeda 5250 RGM isoflurane channel, and a Datex Capnomac Ultima isoflurane channel at room temperature and atmospheric pressure. For each concentration increment, the displayed gas concentrations were recorded. By comparing the readings from the desflurane channel of Ohmeda RGM and the isoflurane channels from Ohmeda RGM and Datex Capnomac Ultima respectively, the linear regression relationship and the slope of the f~ed line (conversion factor) between two channels were obtained. Similar measurements were performed using 2 L'min -I mixture of nitrous oxide 50% and oxygen 50%. The measurements were repeated with different monitors three months later.
Results: All four analysers tested were linear (r 2 > 0.9) for measuring desflurane using isoflurane channels over the range of concentrations studied on two different days. The accuracy of the estimation using the mean conversion factor of the four monitors was within 10% error from the readings of the commercially available desflurane channel analyzer. There was no noticeable effect on the slope (conversion factor) of the linear regression with 0 2 100% or 50/50 mixture of N20 and 02. Conclusion: The concentration of desflurane can be estimated by a simple conversion factor using an isoflurane channel of an infrared system. A NESTHETIC agent concentration has been measured routinely in clinical practice for many years. Desflurane, a new volatile anesthetic, has gained popularity because it offers clinical advantages over isoflurane with rapid emergence and recovery of cognitive functions) However, many older analysers are not equipped to measure the concentration of desflurane. Commonly used analyzing systems including mass spectrometry, Raman light scattering gas and infrared analysis, are configured to detect and measure specific anesthetic gases. Selecting incorrect agent analysis chaamels or unrecognized gases entering these systems cause erroneous readings. 2,3 The method described here estimates the concentration of desflurane by using the isoflurane channel on an optical infrared analyzer and a conversion factor based upon simple linear regression.
Methods
Using an Ohmeda Tec 6 (Ohmeda, Madison, WI, USA) desflurane vaporizer, desflurane (Suprane, Zeneca-Pharma, Mississauga, Ontario) was introduced into a circle anesthetic circuit. Concentrations of 0 % v/v to 3 % v/v in 0.5% v/v increments and 3% v/v to 12 % v/v in 1% v/v increments in 2 L.min -I oxygen were delivered simultaneously to an Ohmeda 5250 RGM desflurane channel, an Ohmeda RGM 5250 isoflurane channel, and a Datex Capnomac Ultima isoflurane channel at room temperature (20C) and ambient pressure (approximately 710 mmHg). For each concentration increment, the displayed gas concentrations were recorded after five minutes. This permitted equilibration of the agent concentration within the circle system. By comparing the readings from the desflurane channel of the Ohmeda RGM and the isoflurane channels from the Ohmeda RGM and Datex Capnomac Ultima respectively, a linear regression relationship and the slope of fitted line (conversion factor) between the two channels were obtained. Similar measurements were performed using the 2 L.min -~ mixture of nitrous oxide 50% and oxygen 50%. The measurements were repeated using the same model but different monitors three months later.
Results
All four analysers were linear (r a >0.99) for measuring desflurane using isoflurane channels over the range of concentrations studied in two different days. The slopes of each regression for each analyzer are summarized in the Table. The mean of conversion factors (1/slope) of each linear regression for two Ohmeda RGM 5250 and two Datex Capnomac Ultima tested with oxygen 100% and a mixture of nitrous oxide 50% and oxygen 50% at 2 L.min -l was 0.72. Using ANOVA, the calibration slopes obtained from each analyzer were different from each other (P < 0.01). The percent error of the estimated desflurane concentration from isoflurane readings using the mean conversion factor against known concentrations of 0 -12 % v/v desflurane with oxygen 100% and 50/50 mixture of nitrous oxide and oxygen at 2 L.min -1 is shown in Figure 2 . The accuracy of each actual estimation of desflurane concentration was with- Both measure the spectrum of anesthetic gas between 3.24 }am and 3.39 }am. 4 Within this range, the absorption spectra of desflurane and isoflurane are similar and both peak at approximately 3.27 }am and 3.32 }am. The relative absorption peak heights ofdesflurane to isoflurane are approximately 0.81 and 0.8 at 3.27 }am and 3.32 }am, respectively. 4 Thus, the concentration of desflurane might be estimated by the use of a simple conversion factor using the isoflurane channel.
F I G U R E 1 Relationship between readings from desflurane channel and isoflurane channel Legend: see Table for o RGM1-O2 o RGMI.N20 o RGM2-02 *, RGM2-N20 9 DAu 9 DA'r 1-N20 9 DAT2-O2 14 9 DA'F2-N20 F I G U R E 2 Percent error of the estimated desflurane concentration from isoflurane readings using the mean conversion factor. Legend: see Table for identification of each analyzer.
Infrared analyzers should be tested and calibrated according to the manufacturer's service schedule using a standard halogenated gas mixture. At our institution, infrared analyzers undergo testing and calibration every six months. We did not calibrate each analyzer on a day-to-day basis. Randomly available analyzers were selected without additional calibration prior to the study to reflect usual clinical practice. We performed the estimation using two commonly used gas mixtures (O 2 100% and 5 0 / 5 0 mixture of N20/O2). There was no effect on the slope (conversion factor) of the linear regression under 02 100% or 50/50 mixture o f N 2 0 / O z (Table, Figure 1 ) suggesting that N20 did not affect the accuracy of estimation.
When desflurane was sampled by infrared systems using isoflurane channels, there was a linear relationship between the isoflurane readings and the actual desflurane concentration measured by the desflurane channel. The actual measured desflurane level was approximately 0.72 times the isoflurane reading from the isoflurane channel. Despite the similarity of the estimated slopes for each analyzer (Figure 1, Table) , the calibration slopes obtained from each analyzer were different from each other (P < 0.01). This difference was likely due to an extremely tight fitted regression (r a > 0.99) and small standard deviation of each slope for each analyzer. However, the percent error of the estimated desflurane concentration from isoflurane readings using the mean conversion factor was within approximately • 10% from the readings obtained with the commercially available desflurane channel analyzer (Ohmeda RGM 5250) over the range of 1 -12 % desflurane (Figure 2 ). The accuracy of each estimation of desflurane concentration was within • 0.5 % over the range of 0.5 -12 % desflurane. These estimations would be acceptably accurate for clinical purposes. Thus, the difference between the estimation slopes of each analyzer may not be clinically relevant.
These findings require cautious interpretation. Since only four machines were tested, the conversion factor presented is intended only as a guideline. Individual monitors may require separate evaluation. Potential errors may arise from temperature and barometric pressure changes as well as in anesthetic circuit flow rates which were not assessed. Confirmation of the conversion factor under specific physical conditions needs to be performed prior to clinical use. The conversion factor accuracy has only been evaluated in vitro without the influence of ventilation and of the presence of CO 2. Another, potential problem of using the isoflurane channel to estimate desflurane is the risk of disabling or adjusting the isoflurane alarm limit to its highest setting.
In conclusion, the concentration of desflurane can be estimated by a simple conversion factor when using an isoflurane channel of an infrared system such as the Datex Capnomac Ultima and the Ohmeda RGM 5250 with comparable readings from the commercial product Ohmeda RGM 5250 desflurane channel.
